BSTRACT: C:0ntami~ated .site r~mediation~rojects have characteristics that distinguish them from conventIOnal con~~ctlOn projects, lI~clud1Og substantial regulatory oversight and significant uncertainty about subsurfac: conditIOns and the effectiveness of the remedial technology chosen. The unusual features of remediation projec~s~ugges~s that nontradi.tional.or i~ovative contracting mechanisms may be beneficial. Sixty completed remediation projects w:re studie~to Identify and document the effects of different project management structures and cont~acting strategies on project outcomes. Survey results indicated that changes in scope. budget overruns. delays, disputes, and chang~orders are common on re?tediation projects. Flexible project management strategies. such as tUrnke~and partnenng arrangements. and flexible contracting schemes, such as cost plus fee, were found to be better SUited to accommodate such changes. Turnkey and design/construct project structures had the best erform~ce ove~all. of the management structures reported. Mechanisms to promote partnering and team build-109 contnbuted slgmficantly to project success as defined by budget and schedule.
SURVEY METHODOLOGY
the soil, surface water, and/or ground water in order to restore a site to a condition deemed to pose low levels of risk to hu~an health. A remediation project can be divided into eight malO steps (CII 1995) . The problem must first be identified, and then a preliminary remediation plan is formulated to help define the scope of the project. Even at an early stage in a project, it is useful to begin assessing likely technical approaches, community relations issues, regulatory permits and reporting requirements, cost and schedule implications, and possible operation and maintenance requirements. A site characterization is performed to determine the nature and extent of the contamination. In conjunction with the site assessment. a risk assessment is conducted to evaluate the extent of cleanup required. Feasibility studies are done to determine the type of remedy best able to meet the remediation goals. The remediation plan is then finalized and the specifications for the selected remedy are developed. Following completion of the design, the remediation contractor is selected if this has not been done earlier in the project. Then, the actual remediation gets under way. Once the scope of work has been completed, the final step is continued monitoring of the site (if necessary) and final site closure. The extent of activity and sophistication in the particular steps varies from project to project.
Remediation projects have characteristics that distinguish them from conventional construction projects, including substantial regulatory oversight and significant uncertainty about scope. There is often significant uncertainty about the subsurface conditions, the amount and location of contaminants, and the effectiveness of the remedial technology chosen. Project goals often must be changed to accommodate new site data and/or changing environmental regulations or interpretations. The uncertainty and changing goals on remediation projects can work to exacerbate traditional problems as well as to increase their rate of occurrence. In this study, the extent to which problems on remediation projects are more frequent or different from those experienced in conventional construction projects was investigated.
INTRODUCTION
The removal of hazardous wastes and cleanup of contaminated soil and ground water at waste disposal and industrial ite~constitu~es a significant fraction of environmental spend-109 10 the UOlted States and other industrialized countries. The total eventual cost of cleaning up contaminated sites in the United States has been estimated at between $500 billion and $1 trillion (Russell et al. 1991) . .~ost of the basic components of a remediation project are similar to those in conventional facility construction projects. The differences arise in the greater uncertainty in site characterization, the use of rapidly evolving technologies whose performance may be uncertain, and the need to adapt to changing regulatory requirements, interpretations, and oversight. These factors have resulted in project delays; the need for redesign; disputes among owners, designers, and contractors; cost overruns; legal actions; and other obstructions to successful project completion.
The unusual features of remediation projects suggests that nontraditional or innovative contracting mechanisms may bẽ neficia1. This paper summarizes the results of an investigatIOn of the effects of owner-contractor relationships on site remediation projects performed under the sponsorship of the Construction Industry Institute (CII) (Ruff et al. 1995) . Sixty completed remediation projects were studied to identify and document the effects of different project management structures and contracting strategies on project outcomes. The primary goal was to identify owner-contractor organization schemes and related contractual arrangements most conducive to the successful completion of remediation projects. veys be completed by individuals with project-management-
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level knowledge of the projects. Surveys were completed and returned for 60 projects by a diverse representation of 21 companies: owners (eight), contractors (two), designers (six), and design/constructors (five). These projects were completed in the United States after 1980. Projects involving only decontamination or removal of contaminated structures were excluded. More details about the projects surveyed and the roles of the respondents on these projects are provided in Ruff et al. (1995) . In addition to the written surveys, some respondents were contacted by telephone for follow-up interviews. The purpose of these interviews was to collect additional information about interesting or unique aspects of the survey projects. Respondents whose projects employed team building and partnering were asked to explain how these processes were implemented and how the project outcome was affected by their use. Interviews were also sought from respondents whose projects were under budget or seriously over budget to discover the reasons behind this budgetary success or failure. Also, a group of respondents was interviewed to learn the criteria used by the respondents in determining the adequacy of the site investigation.
PROJECT CHARACTERISTICS
Various management structures were used on the surveyed remediation projects. Numerous contractual relationships are possible among the owner, primary designer, and primary constructor, and each of the management structures shown in Fig Potentially responsible party groups tended to use a turnkey approach [ Fig. 1(d) ]. The overall management structure was felt to be acceptable or very acceptable in 47 out of 60 (78%) projects.
Cooperative management techniques were used on some of the projects. Some form of team building was used in 22 out of 60 (37%) projects and partnering was used in 10 out of 60 (17%) projects. Telephone interviews were conducted for 12 of the 22 projects that used team building; respondents felt that team building had a positive effect on the project outcome for 11 of the 12 (92%) projects. Informal team building broke down on the 12th project when the contractor began to realize, towards the end of the project, that his profit would be less than initially anticipated. Phone interviews were also conducted for nine of the 10 projects that used some form of partnering. Strong communication was maintained on these projects through regular project meetings. Partnering was believed to have had a positive effect on all nine projects interviewed.
PROBLEMS ON REMEDIATION PROJECTS
Moderate project delays and cost escalations were reported on many projects. Of the projects, 46% reported being over budget by more than 5% (Table 1) .
The bulk of projects (49 out of 59, or 83%) had delays. A variety of causal factors for delays were reported (Fig. 2) , with weather, differing site conditions, and regulatory issues most frequently cited. Disputes and change orders were also common. Only 13 of the 55 projects reported no disputes, with scheduling and costs the most common subject of disputes (Fig. 3) . The most common causes for change orders were differing site conditions and contaminant volumes (Fig. 4) .
Note: Budget infonnation not available for four projects. . . Nearly all the projects surveyed (52 out of 60) experienced some degree of scope change. A change in the amount of material to be treated (26 projects) and new site data (19 projects) were the most commonly cited causes of scope change. Modification of the cleanup goal and changes in regulations contributed to scope change in 11 and 12 projects, respectively.
EFFECTS OF MANAGEMENT STRUCTURE
The effectiveness of the different project management structures as self-evaluated by respondents on a scale of 1 (performed poorly) to 5 (very well) is shown in Table 2 . Of the project management structures that were used on more than 10 projects [ Figs. 1(a) , (d), and (e)], a similar average satisfaction existed. However, the traditional structure of separate design and construction contracts [ Fig. l(a) ] or in-house design [ Fig. l(e) ] had significantly higher fractions of projects with less than acceptable performance as rated by the survey ture (see Fig. 1 ) sponses 1 2" 3 4" 5 Average Fig. 1 ) gard to project cost. Nearly 50% of the projects with separate design and construction contracts [ Fig. l(a) ] resulted in costs 20% or more over budget. This is more than double the number of projects 20% or more over budget associated with other management structures. Management structure and contract type were most often cited by survey respondents as the most important factors contributing to project success or lack of success. Management structures that facilitated communication and owner involvement were cited as important factors in the success of several projects (Ruff et al. 1995) .
Team building and partnering are cooperative management techniques that are being used increasingly on construction and remediation projects (ell 1991, 1993) . The impacts that team building and partnering had on the number of disputes in the reported projects are shown in Figs. 5 and 6. There were relatively few disputes on 59% (13/22) of the projects that used team building, and also on 68% (23/34) of the projects that did not use team building. Partnering did not appear to impact the number of disputes. Fifty percent (5/10) of the projects using partnering had a lower than average number of disputes as compared to 69% (29/42) of the projects that did not use partnering. These percentages are based on the number of projects for which the disputes were reported as "less than average" and "few."
Team building and partnering had a marked effect on project cost control. Fig. 7 shows that 59% (13/22) of the projects using team building were on budget, while only 29% (10/34) of the projects that did not use team building were on budget. Eighty percent (8110) of projects using partnering were on budget. As Fig. 8 depicts, only 33% (14/42) of projects that did not use partnering were on budget.
Projects were completed closer to schedule when team building was used. Of the projects that used team building, 82% (18/22) were at least moderately on schedule (Fig. 9) . Beneficial effects on schedule were not as apparent for partnering. Fig. 10 shows that 70% (7110) used partnering were at least moderately on schedule, while 64% (27/42) of projects that did not use partnering were at least moderately on schedule. These percentages are based on the number of projects for which the project advancement was reported as "moderately on schedule," "better than moderately on schedule," and "exactly on schedule."
EFFECTS OF PAYMENT STRUCTURE
A variety of payment structures were used on the projects. The most common arrangement was a lump-sum contract (47% of projects). A cost-plus-fee contracting arrangement was the second most common (35% of projects). Maximum cost, time and materials, and unit price contracts were used to a lesser degree. Time and materials contracts were usually used for design and engineering.
Given that scope change was experienced on most of the surveyed projects, the extensive use of lump-sum contracts no doubt explains a number of the reported disputes, delays, change orders, and cost overruns. Widespread problems with the use of lump-sum contracts on remediation projects have been reported (Manuele 1993/94; Ruff et al. 1995) .
While lump-sum contracts were employed most commonly in the remediation projects surveyed, there were also a significant number of projects in which more flexible contracts were implemented. Cost-plus-fee contracts were used on about onethird of the projects. Also, combinations of payment structures were used in some of the projects to address uncertain aspects and to reduce risk to the contractor and the owner. For example, on some projects lump-sum contracts were used for items with well-defined scope, such as mobilization and demobilization, and construction of structures such as water treatment facilities; while cost plus fee, unit price, or timeand-materials contracts were used for uncertain items, such as volumes to be treated or excavated, drilling, site investigations, and laboratory testing. Respondents in several instances cited flexible contracts (with respect to type of treatment and amount of material to be treated) as having a notable positive impact on the project, and inflexible contracts as a notable source of problems.
The uses and impacts of incentive schemes were limited. Of the 60 projects, 34 did not use any form of contractual incentives. Penalties for late completion were used on about one-third of the projects (19 out of 60). Liquidated damage incentives were used on 12 out of 60 projects. Positive performance incentives were used on only seven of the 60 projects, and these were always used in conjunction with negative (penalty) incentives. The majority of respondents whose projects used incentives said in the end the incentive amounts were 10% or less relative to the overall contract amount. Only one respondent said that the incentive was more than 20% relative to the overall contract amount.
CONCLUSIONS
A survey of 60 completed site remediation projects indicated that budget overruns, delays, disputes, and change orders are common occurrences on such projects. Flexible project management structures, such as turnkey and design/construct arrangements, and flexible contracts, such as cost plus fee, were better suited to accommodate the uncertainty in site conditions, contaminated material amounts, and performance of innovative or emerging technologies that led to these problems. The traditional project structure in which the owner contracts separately with both design and construction firms had the worst performance overall of the management structures reported. A much larger fraction of the projects with separate design and construction contracts resulted in costs 20% or more over budget. Mechanisms to promote partnering and team building contributed significantly to overall project success, as defined by budget and schedule. For remediation projects, with their greater level of uncertainty compared to conventional construction projects, relationships among owner, design contractor, and remedial construction contractor that involve open communication and flexibility are conducive to ontime and on-budget projects.
